To determine the test-retest reliability of the submaximal version of the Yo-Yo Intermittent Recovery Test -Level 1 (Yo-Yo IR1-sub), which is a valid aerobic assessment.
INTRODUCTION
Soccer is an intermittent, team based sport, where repeated high intensity actions are required, interspersed with periods of lower intensity or submaximal work. 1 The ability to repeat these high intensity actions, such as sprinting and changing direction, across a 90 minute game is primarily governed by a player's aerobic capacity. 2 Consequently, it is the aerobic performance of soccer players that can determine whether they operate at the elite, sub-elite or non-elite level. 3 With this in mind, it seems pertinent to have the tools to accurately assess aerobic capacity within a team based sport such as soccer.
The gold standard approach to assess aerobic capacity is via an incremental treadmill protocol using breath by breath gas analysis, 4 with a maximum oxygen uptake (VO2max) of 60 ml.kg.min -1 reported as the benchmark for an elite soccer player. 5 Higher levels of VO2max have been shown to result in increased match performance, including distance covered, number of sprint and number of involvements with the ball. 5, 6 However, the assessment of VO2max via direct gas analysis on a treadmill can be a time consuming method, whilst lacking soccer specific movement patterns, due to the intermittent multi-directional nature of the sport. Several field based soccer specific endurance tests have been developed to better represent the physiological profile of a soccer match, such as the Yo-Yo Intermittent Endurance Test -Level 1 and Level 2 (YoYo IE1, Yo-Yo IE2) 4 and the Yo-Yo Intermittent Recovery
Test -Level 1 and Level 2 (Yo-Yo IR1, Yo-Yo IR2). 7 Field assessments ensure that multiple players in a squad can be assessed simultaneously, with minimal equipment required. 8 The Yo-Yo IR1 and Yo-Yo IE2 tests have starting speeds of 10 km.h -1 and 11.5 km.h -1 respectively, with a view of shortening total assessment time, when compared to the slower starting speed (8 km.h -1 ) of the Yo-Yo IE1. The difference in starting speeds between tests result in a broad range of distances covered and total work time, ranging from 2564 ± 554 m during the Yo-Yo IE2, 9 therefore it is difficult to directly compare results due to the methodology applied. Following each 2 × 20 m shuttle, these tests have a rest period of 10 s and 5 s respectively. As a result, the Yo-Yo IR1 provides more time to recover and is better regarded as an aerobic, soccer specific test. 10 The Yo-Yo IR1 requires a maximal effort until volitional exhaustion in order for a true reflection of aerobic capacity to be reported. Distances of 2128 ± 236 m, 11 and 2434 ± 248 m 12 in youth soccer players and 2455 ± 488 m 13 in senior players, reflect the physically demanding nature of the test, along with a diverse spread of data between players.
Although the testing and monitoring of aerobic performance is important at the elite level of competition, a maximal test of endurance may not always be appropriate for soccer players in season, particularly considering the continued efforts to identify a shorter test. 9 With the recent literature surrounding training load and injury risk in elite soccer, 14 a typical Yo-Yo IR1 benchmark of 2300 m 15 is a considerable distance, supplementary to the training load of a normal training week. As opposed to administering the Yo-Yo IR1, a more efficient, submaximal version has been utilised; the Yo-Yo Intermittent Recovery Test -submaximal (Yo-Yo IR1-sub). Non-exhaustive testing is a useful monitoring tool, particularly in-season when physical demands are high or frequent testing is required. 9 In addition, with the test lasting a total of 6 min, with a total of 720 m covered, between player comparisons can be made for the same absolute workload.
The Yo-Yo IR1-sub appears to be a valid and useful method of monitoring aerobic fitness over the course of the playing season. [16] [17] [18] The key metric identified during the Yo-Yo IR1-sub is the 6 min heart rate at cessation of the test (HR6). 16 It has been established that HR6 is inversely correlated with Yo-Yo IR1 performance, where r = -0.54, 16 r = -0.81 17 and r = -0.81, 15 although identified with elite senior players 16, 17 and sub-elite youth players 15 respectively. The heart rate response at 6 min is shown to be a valid measure of capacity 19 and a reproducible measure of aerobic fitness (ICC = 0.78), albeit in semi-professional players. 15 However, data regarding the reliability of HR6 is still limited with regard to elite youth soccer players. In addition, the reliability of heart rate recovery indices following the Yo-Yo IR1-sub is yet to be established. Although the reliability of heart rate recovery metrics following the maximal version of the Yo-Yo IR1 at 60 s (ICC = 0.72 -0.92) and 120 s (ICC = 0.69 -0.85) have been reported, 20 this is yet to be established for the submaximal alternative.
The aim of this study was to establish the reliability for both HR6 and the HR recovery values at 30, 60, 90 and 120 s following completion of the Yo-Yo IR1-sub. It was hypothesized that HR6 and HRR would be reliable metrics in elite youth soccer and therefore provide an efficient alternative to maximal testing to assess the aerobic fitness of young elite soccer players.
METHODS Participants
Ten elite youth soccer players (age 17.8 ± 0.5 years, height 181.1 ± 4.9 cm, mass 74.2 ± 7.6 Kg) were recruited for the current study, with a prior power calculations revealing that this would yield a statistical power ~ 0.7 at an a prior alpha level of p ≤ 0.05. All participants were members of an English Premier League Academy and subject to a full-time training schedule in line with the Premier League's Category 1 programme guidelines. All testing procedures were conducted as part of the player's normal training schedule. The study and any data pertaining to the study were approved by the University Institutional Review Board along with approval from the soccer academy. Participants provided written informed consent or parental assent where appropriate. The participants recruited for the study were all part of the full time U21 squad (U21).
Experimental Approach
A test-retest design was used to investigate the reliability of the Yo-Yo IR1-sub in elite youth soccer players. Participants performed the Yo-Yo IR1-sub on two occasions, at the same time of day, separated by one week, in order to determine testretest reliability. The training regime on the days prior to testing was standardised, as was dietary intake on the day of testing.
Procedures
All participants were subject to the Yo-Yo IR1-sub a minimum of six times per season as part of their normal training schedule and were therefore familiar with the test. Participants completed the Yo-Yo IR1-sub on two occasions separated by one week in order to determine test-retest reliability. Due to the players being part of an elite training programme, this allowed preparation between testing sessions to remain consistent.
The Yo-Yo IR1-sub was administered on a 3G artificial surface with all players wearing the appropriate footwear, heart rate belt and global positioning system (GPS) unit. The Yo-Yo IR1-sub consisted of two 20 m shuttle runs that were incremental in speed, dictated by an audio signal from a compact disc player. 7 Each shuttle run was separated by a 10 s recovery period in a 5 m walk zone. Players completed each shuttle in time with the audio signal. Heart rate (HR) was monitored every second via the Polar T31-Coded HR system (Polar Electro, Kempele, Finland) and a 10 Hz GPS monitoring system (Minimax S4, Catapult Innovations, Canberra, Australia). These systems have been shown to collect valid and reliable data. 21 The Yo-Yo IR1-sub was terminated after 6 min at 14.5 km.hr -1 with a total distance of 720 m completed. Heart rate at this time point was recorded (HR6). Following the test, players were asked to stand still for 2 min whilst HR (bpm) was recorded in 30 s splits, at 30, 60, 90 and 120 s. The absolute HR was converted into a percentage of HR recovered based on the maximum heart rate (MHR) reached during the test ([MHR -HR / MHR] × 100).
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Statistical Analyses
Relative reliability of the Yo-Yo IR1-sub was assessed using intraclass correlation coefficients (ICC) for HR6 and heart rate recovery values, from which 95% confidence intervals (CI) were calculated. Additionally, paired t-tests were performed to compare HR metrics of the two testing sessions. ICC values were interpreted in line with Coppieters et al: 23 poor < 0.40, fair 0.4 -0.7, good 0.7 -0.9 and excellent > 0.90. Absolute reliability was calculated as per Munro et al. 24, 25 in the form of coefficient of variance (CV), standard error of the mean (SEM), with smallest detectable difference (SDD) also calculated (SDD = 1.96 × √2 × SEM).
RESULTS
Reliability of the Yo-Yo IR1-sub was good to excellent for seven out of the nine parameters measured (Table 1) . ICCs ranged from 0.81 -0.96 with the exception of HR recovery (%) at 30 and 60 s (ICC = 0.58 and 0.68 respectively). The most reliable metric was HR6 (Table 1) where a significant correlation between the two tests was found (p < 0.05). There was no significant difference between test 1 and test 2 for all nine variables measured (p > 0.05).
DISCUSSION
Heart rate at submaximal intensities is sensitive to changes in maximal performance, and therefore such non-exhaustive testing may be a useful and reliable fitness monitoring tool 9 , especially in season. The findings of the current study identified that the Yo-Yo IR1-sub is reliable assessment method in young elite soccer players, with absolute heart rate at cessation of the 6 minute test (HR6) highlighted as the most reliable metric (ICC = 0.96) ( Table 1) . Importantly small changes in HR6 (≥ 6 bpm, > 3.4%) highlight a meaningful change. This observation suggests that the acute heart rate response to submaximal exercise is the most reproducible measure to monitor aerobic fitness.
The absolute heart rate recovery metrics (bpm) were reliable, with HR90 (ICC = 0.94) and HR120 (ICC = 0.93) providing the most reliable information, with changes > 7.2% and > 7.6% respectively, considered meaningful changes in response to training or fatigue ( Table 1 ). The absolute HRR metrics were all more reliable than their relative counterparts, yet the relative recovery metrics still provided fair to excellent data. It must be noted that HRR90 and HRR120 were both excellent with regard to reliability (ICC = 0.90 and 0.93 respectively), but it was HRR30 and HRR60 that were somewhat less reliable (ICC = 0.58 and 0.68 respectively), with changes of > 7.0% and 10.8% considered meaningful. This may be due to the greater number of beats recovered in the first 30 and 60 s when compared to 90 and 120 s (22 and 24 vs. 9 and 6 beats respectively). However, this is the first study to provide reliability data for heart rate recovery at 30, 60, 90 and 120 s in both absolute recovery and percentage recovery formats. The SEM for all nine heart rate metrics for the Yo-Yo IR1-sub was lower than the SDD (Table 1) , therefore it is likely that the Yo-Yo IR1-sub can be used to detect small changes in aerobic fitness for young elite soccer players.
Previous research also identified HR6 as the most reliable measure of aerobic fitness (CV = 2.2%). 15 The current study reported better relative reliability (CV = 1.6%) for HR6 than the study by Fanchini et al. 15 perhaps due to the elite nature of the participants, who are more familiar with the monitoring protocols administered in an elite programme. The absolute heart rate recovery metrics (bpm) were also comparable to previously reported data. 12, 20 Both absolute (ICC = 0.81-0.96) and relative (CV = 1.6-5.6%) reliability values in the current study were in agreement to those calculated in previous studies 12, 20 where the ICC ranged from 0.72-0.93 and the CV ranged from 1.1-4.1%. However, there is no comparable data for the reliability of the relative heart rate recovery metrics in young elite soccer players, with this study providing novel information on the reliability of such information. It seems that the reliability of the relative heart rate recovery values improve with each 30 s split, with HRR120 proving the most reliable.
It must be noted that although the Yo-Yo IR1-sub provides a submaximal alternative to aerobic testing, the heart rate at cessation of the 6 min test (HR6) reported some inter-individual differences with HR6 values ranging from 145 to 186 bpm. With differing levels of aerobic fitness within a squad of players, although the external workload is exactly the same (720 m), the internal workload differs between players. As a result, their recovery is not from the same starting point, which may help explain the lower relative reliability values in the first 30 and 60 s. Players with a higher HR6 typically recover a greater number of beats in the first 60 s, compared to those players with a low HR6. Although there are certain benchmarks for the aerobic fitness of an elite young soccer player, it seems they can have a low acute response or a quicker initial recovery to the same absolute workload.
Finally, although maximal testing is an important component of an elite monitoring programme, non-exhaustive testing provides a reliable alternative. Future research may seek to identify the relationship between submaximal and maximal aerobic exercise in young elite soccer players and whether this is indicative of match performance. Secondly, no study to date has identified whether heart rate recovery differs with age following submaximal exercise in young elite soccer players and whether the Yo-Yo IR1-sub is indeed a submaximal test for 
CONCLUSION
If maximal testing is not feasible in-season due to increased training and match demands, a submaximal alternative to monitor the fitness of elite youth soccer players has been shown to be reliable, with changes in HR6 ≥ 6 bpm (> 3.4%) highlighting a meaningful change. The Yo-Yo IR1-sub could be used to monitor seasonal changes in aerobic fitness when conducted on a regular basis or to identify improvements in aerobic performance when a player is returning from injury. With regard to using HRR as a measure of aerobic fitness, absolute HRR is more reliable than relative HRR, with HR 2 min post exercise providing the most reliable measure for both. Changes > 7.5 bpm (4.6%) for HR120 and HRR120 may imply that a meaningful improvement in aerobic fitness has taken place.
